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[57] ABSTRACT 

This invention relates to the catalytic decomposition of 
hydrazine, catalysts useful for this decomposition and 
other reactions, and to reactions in hydrogen atmo- 
spheres generally using carbon-containing catalysts. 

10 Claims, 1 Drawing Figure 
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Cheny KH-1 carbon of 20 to 42 mesh in which the total 
HYDRAZINE DECOMPOSITION AND OTHER weight of catalyst metal was 6.9 to 8.5%. The special 
REACTIONS advantage in using support materials having the previ- 

The invention described was made in the perfor- ously indicated minimum surface area and which are 
mance of work under a NASA contract and is subject to 5 sufficiently stable under the operating conditions to 
the provisions of the National Aeronautics and Space provide catalysts having the required effective life is 
Act of 1958, Public Law 85-568 (72 Stat. 426; 42 U.S.C. also shown. Suitable supports include alumina, particu- 
245 1), as amended. larly activated alumina, diatomaceous earths, kieselguhr 

The decomposition of hydrazine for use in gas gener- and like siliceous materials, silica gels, silica-alumina 
ators especially for application as a propellant in rockets 10 gels, and the like, porous clays, particularly those of the 
and like devices has attracted much interest in recent bentonite type, titanium dioxide, calcium carbonate, 
years because of the high specific impulse generated by barium sulfate, and the like when prepared in the known 
hydrazine, and its stability and ease of handling. The use way to provide the required surface area. The supports 
of hydrazine as a rocket propellant has been seriously of this type which are stable under hydrazine decompo- 
restricted, however, because the catalysts heretofore 15 sition conditions are especially useful. This is particu- 
used to promote its decomposition were effective only larly the case with certain aluminas which combine 
at high temperatures. As a result, it was necessary to desirable thermal stability with good activity of the 
supply an oxidant to bring the catalyst to decomposition combined iridium-ruthenium or ruthenium-platinum 
temperature. This required auxiliary equipment for the metals used therewith. These aluminas are character- 
supply and metering of the oxidant. It not only added 20 ized by moderate surface area, preferably in the range 
undesirable weight to the gas generating unit but also 3-200 square meters per gram. Such aluminas may be 
undesirably complicated the required apparatus and prepared by sintering or bonding fine powders obtained 
increased the opportunities for malfunctioning of equip- by grinding fused alumina of alpha or corundum struc- 
ment. A special feature of the present invention is the ture. They may also be prepared by controlled calcina- 
provision of catalysts for the decomposition of liquid 25 tion of precipitated aluminum oxides or hydrated ox- 
hydrazine that are sufficiently active to be self-starting ides. Especially suitable carriers are, for example, 
at temperatures as low as 0° C. These catalysts make it “Alundums” of 6-70 m 2 /g surface area such as are made 
feasible to use liquid hydrazine as a mono-propellant by the Norton Co. of Worchester, Mass, 
without need for any oxidant for heating the gas genera- Higher activity in hydrazine decomposition is ob- 
tor. A much simpler gas generator is thus provided. 30 tained however by using a porous carbon support for 
In accordance with the invention self-starting decom- the catalyst metals. At the high temperatures encoun- 
position of liquid hydrazine is accomplished with a tered in this decomposition, it has been found that the 
catalytic mixture of certain special metals, namely mix- effective life of these carbon-containing catalysts is 
tures of iridium and ruthenium or of iridium or ruthe- limited due to loss of carbon from the catalyst. This has 
nium or both with platinum on a porous support. Plati- 35 been found to be the case in other reactions carried out 
num group metals with or without supports have been at elevated temperatures in the presence of hydrogen 
suggested as catalysts for hydrazine decomposition in but in the substantial absence of methane. An important 
French Pat. No. 1,249,853, where in Table 2 the use of object of the invention in one of its various modifica- 
a catalyst containing 0.4% wt platinum and 0.1% wt tions is the provision of an advantageous method for 
rhodium on an alumina support is shown. The results 40 avoiding this catalyst loss. As a result of the successful 
given for this catalyst are inferior to those shown for solution of this problem, by the novel method of opera- 
catalysts made with a number of individual platinum tion described hereinafter, the use of high activity cata- 
group metals. It was therefore surprising to find that lysts containing iridium and ruthenium or ruthenium 
mixtures of ruthenium with at least one metal of the and platinum on porous carbon for hydrazine decompo- 
group consisting of iridium and platinum when used in 45 sition becomes practical. Also the effective life of car- 
the proper proportions on a porous support having a bon-containing catalysts in general can be increased in 
surface area of at least 3 square meters will catalyze the the same way in other reactions, particularly other de- 
decomposition of liquid hydrazine at much higher rates composition reactions in which hydrogen is present in 
than can be obtained with any of the previously de- the absence of methane. 

scribed hydrazine-decomposition catalysts. These im- 50 As porous carbon supports for the iridium and ruthe- 
proved results are obtained with the mixtures in which nium or iridium or ruthenium and platinum catalysts for 
the ruthenium is about 30 to 90 atom percent of the total hydrazine decomposition, the forms of carbon which 
catalyst metals present. With catalysts having this spe- have an average surface area of at least 50 square meters 
cial range of proportions, the activity for liquid hydra- per gram are especially suitable, and most preferably 
zine decomposition is greater than that of their compo- 55 those with surface areas in the range of about 50 to 
nents used individually or in other proportions. about 1500 square meters per gram are used. Porous 

Especially outstanding results have been obtained granular carbons such as vegetable or animal charcoals 
with the foregoing mixtures which contain about 30 to are especially useful, but porous carbon from other 
about 80 percent of ruthenium with about 70 to about 20 sources, for example, pyrolytic carbon or lamps blacks 
atom percent iridium. Those having iridium and ruthe- 60 or the like can also be used. The numerous activated 
nium in these proportions are novel catalytic mixtures carbons which have been treated to increase their ad- 
which are a special feature of the invention. From the sorptive capacity are particularly advantageous compo- 
attached drawing showing the way in which these cata- nents of the catalysts. These include, for example, wood 
lyst mixtures vary in activity with iridium content, the charcoals, coconut charcoal, etc., activated by steaming 
importance of using mixtures in which the iridium is in 65 at high temperature, and the like, 
the 20 to 70 atom percent range can be seen. The results The porous support used preferably has a particle size 
shown were obtained in the decomposition of hydrazine between about 2 and about 20 mesh. Pelleted or other 
at 1° C. using iridium-ruthenium catalysts on Bameby- shaped forms of support material can be used as well as 
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porous powders. Convenient pellet sizes range from 
1/16 inch to | inch. 

The catalysts can be prepared in various ways. One 
suitable method comprises impregnating the chosen 
porous support with a solution of salts of the combina- 5 
tion of ruthenium, iridium and platinum metals which 
are to be present in the final catalyst. The impregnation 
can be carried out by adding to the porous support 
enough solution to fill the pores, then drying and calcin- 
ing. Better results are usually obtained, however, by 10 
soaking the porous particles in an excess of solution 
from which the required amount of the salt mixture is 
adsorbed by the support after which the porous support 
is dried and then calcined as before. It is advantageous 
to evacuate the support before adding the solution as 15 
faster and more complete impregnation can then be 
obtained. Solutions of the mixture of platinum group 
metal salts may be made up in water, alcohol, or other 
suitable solvents. 

Any soluble salts of iridium or ruthenium or platinum 20 
can be employed in making the catalysts. Those which 
can be decomposed to the metal by heating at a temper- 
ature below about 1000° C. are preferred. Chlorides, 
nitrates and the like are examples of suitable salts. The 
acid chlorides obtained by dissolving the neutral chlo- 25 
rides in hydrochloric acid solution have been found to 
give more active catalysts than the corresponding neu- 
tral chlorides. It is not necessary that the mixture of 
salts of the metals used all have the same anions. Iridium 
chloride can be used with platinum nitrate or ruthenium 30 
nitrate with platinum chloride, for example. As a rule, 
solutions of the chosen mixture of salts which contain 
about 0.001 to about 0.1 grams of total platinum group 
metal per milliliter are advantageous especially when 
containing the corresponding acid in a concentration of 35 
about 0.4 to about 3 normal. Thus especially active 
hydrazine decomposition catalysts have been obtained 
by impregnating porous support material of the re- 
quired surface area with solutions containing chlorides 
of the chosen metals in amounts corresponding to about 40 
0.01 to 0.04 grams total of these metals per milliliter in 
aqueous hydrogen chloride of about 0.8 to about 1.2 
normality. 

Still other methods of catalyst preparation can be 
employed. But whatever method is used, one generally 45 
obtains catalysts of most useful activity by depositing 
about 0.1 to about 35% wt of total active catalyst metal 
on the porous support. 

It has also been found that the activity of the hydra- 
zine decomposition catalysts of the foregoing types is 50 
further enhanced if the impregnation of the porous 
carbon with the mixture of iridium or ruthenium and 
other platinum group metal is carried out in the pres- 
ence of an ammonium salt soluble in the mixture. Ad- 
vantageously an ammonium salt corresponding to the 55 
anion of one of the platinum group metals used is em- 
ployed. The ammonium salt can conveniently be 
formed in situ in the impregnating solution by adding 
ammonium hydroxide or chloride or the like to the acid 
solution of mixed platinum group salts. Usually about 60 
0.1 to about 10 moles, more preferably about 1 to about 
4 moles, of ammonium salt per mole of total platinum 
group metal salts present is employed. For example, 
with catalysts composed essentially of 5.1% Ru and 
2.9% Ir on porous carbon, the hydrazine decomposition 65 
rate was increased from 175 milliliters per minute per 
gram of catalyst to 330 milliliters per minute per gram 
of catalyst when ammonium hydroxide was added to 
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the solution of H 2 IrCl 6 in 1 normal hydrogen chloride 
used for the impregnation of the carbon. 

The porous support containing the solution of mixed 
platinum group metal salts is dried by heating in air or 
in a stream of other suitable gas. Drying temperatures of 
about 90° to about 200° C. are suitable. The impregna- 
tion and drying can be repeated one or more times when 
it is desirable to use larger amounts of platinum group 
metals in the catalyst. 

The dried impregnated support is then heated, prefer- 
ably in a stream of hydrogen or inert gas to decompose 
the platinum group metal salts present therein. Calcin- 
ing at about 400° to about 1000° C. for about one-fourth 
to about 5 hours is usually adequate. 

The catalysts can be used for hydrazine decomposi- 
tion in any suitable way. A bed of catalyst particles into 
which the liquid hydrazine is fed is one suitable form of 
decomposition apparatus. Other methods of effecting 
the required contact between the hydrazine and the 
catalyst can also be used. While it is a feature of the 
invention that successful decomposition can be effected 
with the catalyst and hydrazine at initial low tempera- 
tures, limited only by temperatures so low that hydra- 
zine freezes on contact, this is not essential to the new 
process which also offers advantage where initial opera- 
tion at elevated temperatures is desirable. Decomposi- 
tion at ordinary or lower pressures is preferred but 
superatmospheric pressures can be employed although 
pressures above about 100 atmospheres are generally 
less advantageous. 

The new catalysts can be used alone but there are 
special advantages in using them in combination with 
less active catalysts for hydrazine decomposition. A 
particularly advantageous catalyst combination of this 
kind comprises a bed containing a layer of hydrazine 
decomposition catalyst of conventional activity to 
which is added at the feed end of the bed a portion of 
the more active self-starting hydrazine decomposition 
catalyst. As the self-starting hydrazine decomposition 
catalyst there is preferably used the mixed metal cata- 
lyst containing iridium and/or ruthenium on a porous 
support according to the present invention but any 
other catalyst of suitable activity can be used. The less 
active catalyst which makes up the later part of the bed, 
can be, for example, granular particles of reduced iron 
oxide, or cobalt, nickel, copper or other transition met- 
als on low area, inert supports. 

The relative proportions of the two kinds of catalysts 
in the decomposition bed will depend upon their activi- 
ties. As a general rule the preferred composite catalysts, 
containing iridium and/or ruthenium on a porous sup- 
port at the feed end of the bed, will make up about 20 to 
about 80 percent of the total catalyst in the bed with the 
remainder being the less active hydrazine decomposi- 
tion catalyst which can be a single catalyst or mixture 
thereof. The particle size of both portions of catalyst are 
preferably about one-eighth to one-fourth inch in diam- 
eter. 

With these composite catalysts not only is the total 
cost of catalyst reduced due to the lesser amount of 
more expensive, more active catalyst required, but also 
better control of hydrazine decomposition can be ob- 
tained therewith than with catalyst beds of a single 
catalyst or a uniform catalyst mixture. Thus, the decom- 
position of liquid hydrazine takes place by two reac- 
tions: 

H 2 N-NH 2 ^J N 2 + 4/3 NH, + 26.7 kcal 


( 1 ) 
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-continued 


H 2 N-NH 2 — Nj + 2H, + 12 kcal (2) 

For rocket motor use it is desirable to produce the maxi- 
mum number of moles of gas at the highest temperature. 
Decomposition by the more highly exothermic reaction 
of equation (1) favors high temperature while the de- 
composition of equation (2) gives substantially more 
molecules of gas per mole of hydrazine. By the use of 
the composite catalysts of the invention the decomposi- 
tion of hydrazine can be controlled so as to achieve the 
optimum balance between these modes of decomposi- 
tion and thereby attain most efficient power output. 

Typical of the results which can be obtained by the 
new method are the following which are intended to be 
illustrative only and not restrictive of the invention. 

EXAMPLE I 

A catalyst containing 4.3% wt iridium and 3.7% wt 
ruthenium on activated carbon was prepared using 
Bameby-Cheney KH-1 carbon (20-42 mesh) which had 
previously been washed with hot 1.0 normal hydrochlo- 
ric acid and water, and dried. Three grams of the car- 


w % 

Ru 

W % 

Ir 

Total W % 
Metals 

At % Ir 
In Metals 

Atomic 

Ratio 

Ru/Ir 

Activity at 1° C 
cc of gas/min g cat 

1.5 

6.3 

7.8 

66.6 

0.5 

285 

3.7 

6.4 

n.i 

47.5 

1.1 

455 

3.3 

7.8 

n.i 

55.5 

0.8 

672 

10.0 

5.8 

15.8 

23 

3.3 

650-1000 

13.9 

14.1 

28 

34.5 

1.9 

About 2000 

0 

6.9 

6.9 

100 

0 

63 

0 

18.0 

18 


0 

145 

1.4 

12.0 

13.4 

83.4 

0.2 

545 

1.3 

0.8 

2.1 

38 

3.1 

57 

2.4 

1.9 

4.3 

44 

2.4 

82 


t0l Columbia C-5 carbon from National Carbon Co. 


15 EXAMPLE II 

Liquid hydrazine was decomposed with another se- 
ries of catalysts containing ruthenium together with 
platinum on activated carbon. The catalysts were made 
by the method described in Example I. The tests were 
20 carried out with 0. 1 grams or less of 20-30 mesh or finer 
catalyst at atmospheric pressure using 2 to 3 cc of liquid 
hydrazine. 


Catalyst 


Ruthenium 
(Wt. %) 

Platinum 
(Wt. %) 

Total 
Wt. % 
Metal 

Atomic % 
Ruthenium 
In Metals 

Atomic Ratio 
Ruthenium to 
Other Platinum 
Metals 

Porous 

Carbon 

Activity at 1° C 
cc of gas/min 
gram catalyst 

2.0 

2.0 

4 

66 

2. 

Bameby- 

Cheney 

KH-1 

69 

5.1 

3.7 

8.8 

72 

2.6 

Bameby- 

Cheney 

KC-3 

Pellets 

245 

9.2 

6.8 

16 

72 

2.6 

" 

540 

6.8 

1.0* 

8.9 

86.5 

6.4 

Bameby- 

Cheney 

KH-1 

278 


*1.1% iridium also present 


bon was added to an aqueous solution prepared as fol- ^ 
lows: 3.67 cc of a solution containing 0.0234g iridium 
per cc and 1 normal in HC1 made from H 2 IrCl 6 , HC1 
and water was combined, with 1.85 cc of a solution 
containing 0.040g ruthenium per cc made from RuCl 3 .3- 
H 2 0 and water. This combination was diluted with 5 cc 
of water. The above mixture was contained in a 50 ml 
pyrex beaker and evaporated with stirring by a glass rod 
on a hot plate and further dried at 140' C. in an oven. 
The dry catalyst was calcined in a tube under a flow of 
hydrogen at 550° C. for one-half hour and then cooled 
to room temperature in nitrogen. The final weight of 
catalyst was 2.014 grams. For comparison a series of 
other catalysts were prepared in the same general way 
but with different volumes of reagents so as to obtain 
catalysts with different amounts and/or proportions of 
iridium and ruthenium on the carbon as shown in the 
following table where the activity of the catalyts as 
measured by the cubic centimeters of gas produced per 
minute per gram of catalyst in the decomposition of 
liquid hydrazine is also given: 


W % 
Ru 

W % 
Ir 

Total W % 
Metals 

At % Ir 
In Metals 

Atomic 

Ratio 

Ru/Ir 

Activity at 1 
cc of gas/min 

8.5 

0 

8.5 

0 

00 

95 

5 <o) 

0 

5 

0 

00 

28 

6.3 

1.5 

7.8 

11.1 

8.0 

165 

5.1 

2.9 

8.0 

23 

3.3 

290 

6.3 

2.9 

9.2 

19.5 

4.1 

276 

3.7 

4.3 

8.0 

38 

1.6 

460 


EXAMPLE III 

The advantage of carrying out the impregnation of 
the porous carbon in the presence of an ammonium salt 
is shown by the following results obtained with a series 
of catalysts made as described in Example I except that 
different amounts of ammonia were added with the 
IrCl 4 solution in all cases except the control. The cata- 
lysts were made by impregnating 3.0 grams of acid 
treated active porous carbon with 4.0 ml ruthenium 
trichloride containing 0.04 grams of ruthenium per mil- 
liliter, 4 ml of iridium tetrachloride in 1 normal hydro- 
gen chloride containing 0.023 grams of iridium per 
milliliter, and sufficient water to make a total of 10 
milliliters of solution. The final catalysts contained 
7.75% total iridium and ruthenium and had an atomic 
ratio of ruthenium to iridium of 3.2. The activities of the 
catalyst in decomposition of hydrazine at 1° C. were as 
follows: 


Milliliters 
of NH 4 OH 
added to the 
IrCl 4 Solution 

Cubic Centimeters 
of gas produced 
per minute per 
gram of catalyst 

None 

175 

0.1 

188 

0.5 

215 

1.0 

330 

3.0* 

255 


•Catalyst acidified after drying and before calcining 
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EXAMPLE IV 

A series of catalysts was made as described in Exam- 
ple I using various alumina or alumina-silica supports of 
different surface areas. In each case the catalyst con- 5 
tained a total of 15% wt of total catalyst metal of which 
34.5 atom precent was iridium metal and the remainder 
ruthenium metal, so the atomic ratio of ruthenium to 
other metal was 1.9. The catalysts were tested for activ- 
ity in hydrazine decomposition in the way described in io 
Example I with the following results: 


Manufacturer 
and Grade 

Composition 

Support 

Surface Area 
of Support 
(sq. meters 
per gram) 

Activity 
at 1* C 
cc of gas/min 
gram catalyst 

A.I.A.G. Co. 
R-13K 

pure a-Al 2 0 3 

3.9 

43 

Girdler T-708 

a A1 2 Oi 

7-8 

71 

Norton Co. 
LA-623 

Al 2 O r 19% Si0 2 

9-15 

76 

Norton Co. 
LA-622 

Al 2 0 3 -19% Si0 2 

30-40 

205 

Harshaw AI 
0501 

ai 2 o 3 

40 

185 

Norton Co. 
LA-617 

Al 2 0 3 -19% Si0 2 

60-70 

104 

Harshaw Al 
0501 

ai 2 o 3 

81 

87 

A.I.A.G. Co. 

RAP 

pure eta-Al 2 0 3 

169 

179 

ALCOA H-40 

ai 2 o 3 

about 300 

89 


20 


25 


Under the same conditions a catalyst made in the same 
way using active carbon having a surface area of about ^ 
1000 sq. meters per gram had an activity of 850 cc gas 
per minute per gram of catalyst. 


EXAMPLE V 


35 


A catalyst was prepared as in Example I using 15% 
wt of iridium and ruthenium (34.5 atom percent iridium) 
on a boron nitride support having a surface area of 17 
square meters per gram. When tested as in the foregoing 
Examples, this catalyst had an activity for hydrazine 
decomposition of 187 cc gas per minute per gram of 40 
catalyst. 

Similar good results are obtained when a kieselguhr 
support of about the same surface area is substituted for 
the boron nitride in this catalyst. 

45 

EXAMPLE VI 

A catalyst made as described in Example I and con- 
taining 16% wt of ruthenium and iridium in a ratio of 
3.2 atoms of ruthenium per atom of iridium on active 
carbon which had been acid washed, and crushed to less 50 
than 20 mesh showed an activity corresponding to a gas 
formation rate at 1° C. of 663 cc per minute per gram of 
catalyst in the hydrazine decomposition test described 
in Example II. The same catalyst prepared with 5/32 
inch pellets of the same carbon was tested in a fifty- 55 
pound thrust rocket motor. Self-starting was good at 
the prevailing temperature of about 18° C. and pressure 
drop characteristics were excellent during two sixty- 
second firings. Sufficient loss of catalyst was observed 
in these tests to cause significant shortening of its effec- 60 
tive life. 

The loss of catalyst was traced to formation of meth- 
ane from the carbon used in making the catalyst. As 
previously pointed out the decomposition of hydrazine 
takes place in two ways, one giving hydrogen as a 65 
major product. At the high temperatures generated by 
the exothermic reactions, the hydrogen reacts with the 
carbon of the catalyst forming methane. As the carbon 
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is removed the amount of effective catalyst metal de- 
creases and successful operations may ultimately be 
prevented. As previously indicated, it has been discov- 
ered that this limitation on the life of the catalyst can be 
overcome or at least substantially reduced. This is 
achieved in accordance with the invention by introduc- 
ing into the decomposing mixture sufficient methane to 
reduce the formation of methane from the carbon of the 
catalyst. 

The required methane can be introduced in any suit- 
able manner, either by adding methane itself or a me- 
thane-generating compound to the hydrazine feed to 
the unit. Suitable methane-generating compounds are 
preferably liquids or solids soluble in the hydrazine. 
These include, hydrocarbons, such for instance, as acet- 
ylene, methyl acetylenes, benzene, methyl benzenes; 
methyl amines, as mono-, di and/or tri-methyl amine 
and like methane-forming amines; also alkyl hydrazines, 
such as monomethyl hydrazine, unsymmetrical di- 
methyl hydrazine, and the like. These are special advan- 
tages in using a methyl-substituted hydrazine for pro- 
tecting carbon-containing hydrazine decomposition 
catalysts. Mono- and/or dimethyl hydrazines are partic- 
ularly suitable. 

The amount of methane or of methane-generating 
compound which it will be necessary to add to the 
hydrazine feed will depend on the temperature and 
pressure at which the decomposition of the hydrazine is 
carried out. The minimum desirable amount of methane 
can be calculated from the equation 

t=1.8X \0~ & B 2 P (2.71828) 2l,580/Jir 
where 

A is the mole % CH 4 or equivalent in the product 
gases 

B is the mole % hydrogen generated in the reaction 
product gases 

P is the pressure in atmospheres absolute 

R is 1.986 calories per degree moles 

T is the temperature in °K. 

According to this equation the minimum amount of 
methane is increased if the hydrogen content or the 
pressure is raised or if the temperature is lowered. It is 
usually desirable to use an excess of about 2 to about 
100%, more preferably about 10% to about 50% above 
this minimum amount. With added methane-generating 
compounds in these amounts the loss of carbon from 
hydrazine decomposition catalysts can be practically 
eliminated and the effective life of the catalyst corre- 
spondingly extended. 

EXAMPLE VII 

The beneficial effect of methane in protecting hydra- 
zine decomposition catalysts was demonstrated by a 
series of reactor-motor firing tests carries out in a small 
unit having a reactor 47 mm long by 8.2 mm inside 
diameter. All parts of the reactor in contact with the 
propellant were constructed of stainless steel and cool- 
ing jackets were provided for temperature control. The 
catalyst was of 20-30 mesh and containing 8% wt of 
ruthenium plus iridium (atomic ratio 2.5:1) on porous 
carbon. The methane was introduced by decomposition 
of methyl hydrazines added to the hydrazine feed in 
various amounts. In all cases firing was good at the 
ambient temperatures used. 
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Methane Source 

Amount 
in The 
Hydrazine 

Amount 
of Catalyst 
(grams) 

No of 
Firings 
(5 ml of 
feed each) 

Weight 
Loss of 
Catalyst 

None 

None 

-.0.795 - 

10 

55.3% 

Unsymmetrical 

dimethyl 

hydrazine 

10% 

0.979 

10 

None 


10% 

0.85 

20 

7.9% 

" 

5.5% 

0.875 

10 

5% 

Monomethyl 

Hydrazine 

11.5% 

0.589* 

10 

4.8% 


•7.8% wt ruthenium plus iridium on carbon with atomic ratio ruthenium to iridium 
1.6:1 as catalyst in mid-half of reactor with remainder packed with inert 14-28 mesh 
Alundum 


There are a great many other processes in which the 
addition of methane or methane-generating compounds 
with the feed is advantageous in reducing the loss of 
catalysts containing carbon in combination with an 
active metal such, for instance, as iron, cobalt, nickel, 20 
copper, silver and the like as well as the previously 
mentioned platinum group metals. The method is gener- 
ally useful whenever these catalysts are employed at 
temperatures of about 500° to 1500° C. and pressures up 
to about 100 atmospheres or more in reactions in the 25 
presence of hydrogen but in the substantial absence of 
methane. At temperatures substantially below 500° C. 
the rate of conversion of the carbon to methane be- 
comes slow, and no protective feed additive is needed. 
Some typical examples of such reactions in which the 30 
invention is especially useful are hydrogen treatment of 
organic or inorganic compounds using nickel on active 
carbon or like catalysts, for instance hydrogen treat- 
ment of aromatic hydrocarbons, synthesis of ammonia 
from hydrogen and nitrogen, hydrogenation of carbon 35 
monoxide to methanol, etc. These processes are made 
more economical by using carbon-supported catalysts 
and adding to the feed methane or compounds such as 
CO, C0 2 , methanol, diazomethane, toluene, xylene and 
the like which will generate methane under the operat- 40 
ing conditions. 

EXAMPLE VIII 

Hydrogen treatment of benzene using a 10:1 mole 
ratio of H 2 to benzene, and a nickel on Columbia carbon 45 
hydrogenation catalyst of about 20 to 30 mesh at about 
525° C. and atmospheric pressure results in loss of cata- 
lyst through methanation of the carbon of the catalyst. 
Dilution of the hydrogen of the feed with methane in an 
amount sufficient to provide about 50 mole percent 50 
methane in feed substantially reduces this loss. 

EXAMPLE IX 

In the synthesis of ammonia using iron plus promoters 
on porous carbon as catalyst a hydrogen to nitrogen 55 
mole ratio of 3 to 1 and a temperature of about 500° C. 
at 100 atmospheres pressure, the loss of carbon from the 
catalyst can be as high as 20% per hour. By adding 90% 
of methane with the feed this loss is greatly reduced. 

Dehydrogenation of hydrocarbons is another type of 60 
reaction in which the life of metal-on-carbon catalysts 
can be materially extended by adding methane or a 
methane-generating compound with the feed. 

EXAMPLE X 65 

Reforming of petroleum fractions to effect dehydro- 
genation of the paraffin and naphthene content to ole- 
fins using a chfomia on carbon catalyst at about 550° C. 
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and 2 atmospheres pressure involves significant loss of 
catalyst through methanation of the carbon in the cata- 
lyst by the hydrogen formed in the reaction to the ex- 
tent of about 50 mole % of the reaction products. Addi- 
tion of 25% methane or equivalent methane-forming 
material with the feed substantially reduces this loss. 

EXAMPLE XI 

In the production of butadiene by dehydrogenating 
butylene at 620° C. and atmospheric pressure, with 10 
moles of steam added per mole of butylene, the loss of 
catalyst through methanation of the active carbon 
therein can be substantially reduced by adding to the 
hydrocarbon feed about 0.3 mole % of methane. 

EXAMPLE XII 

Dehydrocyclization of a C 6 to C 9 fraction of paraffins 
is effected at 525° C. over a platinum on carbon catalyst 
under 2 atmospheres pressure. A gaseous feed mixture 
containing 50% hydrogen, 30% methane, and 20% 
C 6 -C 9 hydrocarbons is used to insure long catalyst life. 

EXAMPLE XIII 

Production of aromatic hydrocarbons from naph- 
thenes boiling from about 70 to about 200° C. by dehy- 
drogenation with a carbon-based, metal-containing cat- 
alyst is effected under the conditions of Example X. 
Inclusion of sufficient methane to give about 30% meth- 
ane in the hot product gas avoids catalyst loss. 

It will thus be seen that the invention is widely appli- 
cable and offers advantage in all types of reactions car- 
ried out at elevated temperatures in the presence of 
hydrogen when using metal catalysts on porous carbon 
supports where substantial amounts of methane suffi- 
cient to inhibit methanation of the carbon support is not 
present under normal reaction conditions. 

We claim as our invention: 

1. A method for the self-starting decomposition of 
liquid hydrazine which comprises contacting the hydra- 
zine with a catalyst consisting essentially of a porous 
support having a surface area of at least about 3 square 
meters per gram and about 0.1 to about 35% by weight 
of a mixture of ruthenium with at least one metal of the 
group consisting of iridium and platinum in which the 
ruthenium is about 20 to about 70 atom percent of said 
metals. 

2. A method in accordance with claim 1 wherein the 
metals are ruthenium and iridium. 

3. A method in accordance with claim 2 wherein the 
iridium is about 25 to about 65 atom percent of the 
ruthenium and iridium present. 

4. A method in accordance with claim 1 wherein the 
metals are ruthenium and platinum. 

5. In the decomposition of hydrazine by contact with 
a metal catalyst on a carbon support wherein loss of 
catalyst takes place, the method of reducing catalyst 
loss by introducing with the hydrazine feed a minor 
amount of methylhydrazine sufficient to liberate in the 
decomposition mixture a quantity of methane which 
will reduce formation of methane from the carbon sup- 
port for the catalyst. 

6. A process in accordance with claim 5 wherein the 
catalyst contains a mixture of at least two platinum 
group metals. 

7. A process in accordance with claim 6 wherein the 
catalysts metal is predominantly ruthenium together 
with at least one member of the group consisting of 
platinum and iridium. 
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8. In reactions at temperatures of about 500° to 1500° 

C. in the presence of hydrogen and a catalyst containing 
carbon and a catalytic metal but in the substantial ab- 
sence of methane wherein loss of said catalyst takes 
place, the method of reducing the loss of said catalyst 5 
by introducing into the reacting mixture in contact with 
the catalyst sufficient methane or methane-generating 
material to reduce formation of methane from the car- 
bon of said catalyst under the reaction conditions. 


9. A process in accordance with claim 8 wherein 
dehydrogenation is carried out by contacting a hydro- 
carbon with a metal dehydrogenation catalyst on a 
carbon support at a temperature of about 450 to about 
1000° C. and a hydrogen partial pressure of at least 0.1 
psig. 

10. A process in accordance with claim 8 wherein a 
pyrolysis in which hydrogen is produced is carried out. 

* * • » » 
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